Amaro, NM, Marinho, DA, Marques, MC, Batalha, N, and Morouço, PG. Effects of dry-land strength and conditioning programs in age group swimmers. J Strength Cond Res 31(9): 2447-2454, 2017 -Even though dry-land S&C training is a common practice in the context of swimming, there are countless uncertainties over its effects in performance of age group swimmers. The objective was to investigate the effects of dry-land S&C programs in swimming performance of age group swimmers. A total of 21 male competitive swimmers (12.7 6 0.7 years) were randomly assigned to the Control group (n = 7) and experimental groups GR1 and GR2 (n = 7 for each group). Control group performed a 10-week training period of swim training alone, GR1 followed a 6-week dryland S&C program based on sets and repetitions plus a 4-week swim training program alone and GR2 followed a 6-week dry-land S&C program focused on explosiveness, plus a 4-week program of swim training alone. Results for the dry-land tests showed a time effect between week 0 and week 6 for vertical jump (p , 0.01) in both experimental groups, and for the GR2 ball throwing (p , 0.01), with moderate to strong effect sizes. The time 3 group analyses showed that for performance in 50 m, differences were significant, with the GR2 presenting higher improvements than their counterparts (F = 4.156; p = 0.007; h 2 p = 0.316) at week 10. Concluding, the results suggest that 6 weeks of a complementary dry-land S&C training may lead to improvements in dry-land strength. Furthermore, a 4-week adaptation period was mandatory to achieve beneficial transfer for aquatic performance. Additional benefits may occur if coaches plan the dry-land S&C training focusing on explosiveness.
INTRODUCTION

S
trength and conditioning (S&C) training is a common practice in most sports, aiming to enhance performance and prevent injuries (3, 7, 8, 15 ). Yet, the S&C training design should be specific for the requirements of the concerned sport. In swimming, performance is highly dependent on strength and muscular power (5, 11, 14, 21) , being the ability to exert force in the water a decisive factor, specifically in short distances (18, 25) . Consequently, swimming coaches traditionally apply dry-land S&C programs in their training sessions (1, 3, 9, 23) even if consensus on the specific benefits to a swimmer's performance has not yet been clarified in literature (11, 23, 27, 33) . It is suggested that transferability of dry-land strength gains to swimming performance depends on the interaction of several parameters such as strength (dry-land and in-water) and biomechanics (kinematics and kinetic) (2) . On this, there are many coaches who assume that strength training could negatively affect a swimmer's ability and, consequently, increase drag forces (21) . This is mostly due to the muscular hypertrophy and flexibility decrease, commonly identified as outputs of strength training. Nevertheless, during the prepubescent stage, muscle hypertrophy is not believed to be the primary factor in strength improvement (28) , as neuromuscular adaptations are identified as the main explanations for strength gains (7, 8) . Unfortunately, the number of investigations able to clarify this subject is scarce, most likely due to financial and ethical issues, particularly if we look for research with age group swimmers (4) .
Apart from the above-mentioned need of clarification, it is suggested by deterministic models (2) that muscular strength may influence technique and, therefore, performance. Additionally, if it is considered that swimming techniques can be improved due to dry-land S&C training (17) and that it is common to apply dry-land S&C training programs to swimming, understanding the effects that the dry-land S&C training programs may induce is mandatory. On one hand, several investigations have shown improvements in swimming performance (1, 10, 11, 26) after a dry-land S&C training program intervention. For instance, a recent investigation (10) presented an increase of 2.0 6 1.3% in the 50 m freestyle performance after the application of a dry-land S&C program for 4 weeks (3 sessions per week, of 15 minutes each) with an intensity between 80 and 90% of one repetition maximum (1RM). On the other hand, other investigations stated that a dry-land S&C program intervention promotes strength gains, but that these gains have no significant direct transfer for swimming performance improvements (9, 23, 27, 33) . The reasons for these differences may be different protocol interventions or design, time-period applications, and sample size. For instance, some studies pooled together both genders in one single group. Despite the fact that during preadolescence, strength improvements are quite similar between boys and girls (8) , after this period, boys have a tendency to exhibit higher muscle strength levels than girls (6) . Thus, coupling data from both genders in research focused on dry-land S&C may be misleading. Furthermore, even if no statistically significant improvements were stated, recent investigations with young swimmers found a tendency to improve sprint performance in the 25 and 50 m freestyle, due to dry-land S&C programs (9, 23) . These investigations, whether with significant results or only with a tendency to enhance performance, have a common point: short swimming distances. So, the ability to exert high levels of force for a short period of time seems relevant for an appropriate training prescription and demands further investigations.
It is well stated in the literature that movements performed when swimming are difficult to replicate on dry-land, as water drag is impossible to reproduce in dryland exercises (17, 23, 27, 31) . Therefore, a dry-land S&C program design should try to mimic the in-water movements as much as possible. Perhaps some of the previous investigations, which did not accomplish improvements in swimming performance, could have used exercises with low mimicking or did not use as much muscular tension as in the water (3). Another decisive factor could be the minor importance to overall swimming performance of the muscles worked out in dry-land S&C programs (5) . Moreover, the velocity with which exercises were performed could have been different from the in-water performance (3, 16, 17, 27, 30) . Several studies followed a 1RM methodology to define the exercises' external load. Nevertheless, it is questionable whether maximum force is the force parameter with a higher association with swimming performance, as swimming power has proven to be of major importance in shorter distances (5, 18, 25, 29) . Thus, it may be expected that movement velocity plays an important role in increasing the specificity of dry-land S&C exercises (12) and overall power output. Still, the strength programs analyzed are not explicit about the exercise movement velocity.
One last point regarding dry-land S&C programs for swimming is related to the moments when evaluations are carried out after the dry-land S&C program interventions. Commonly, research is interested in knowing the effects of a designed intervention, thus, making evaluations before and after the application period. However, it has been hypothesized that swimmers could benefit from an adaptation period to the strength gains (17) . That is, after increasing strength levels, swimmers should go through a period to adapt their ability to apply new levels of force in the water. To the best of our knowledge, only 2 studies have investigated detraining or delayed effects after dry-land S&C programs interventions (9, 10) . Both investigations reported that training effects were maintained after 6 and 4 weeks, respectively. So, it seems reasonable to investigate whether a period where swimmers could perform this specific in-water training would be useful to effective take advantage of dry-land S&C programs improvements (9) .
The above-mentioned uncertainties regarding the benefits of dry-land S&C training programs and their effect on swimming performance highlight the need for more investigations on this matter. In fact, being able to clarify the role of dryland S&C training and its prescription would be of major value for swimming coaches. Therefore, this study aimed to analyze the effects of a period of swim training alone, a dryland S&C program based on sets and repetitions according to current guidelines, plus swim training alone or a dry-land S&C program that focused on explosiveness plus swim training alone, in age group swimmers. It was hypothesized that (a) a dry-land S&C training program would be able to enhance both dry-land strength and swimming performance, if adaptation for strength gain occurs and (b) that a dry-land S&C program focused on explosiveness development would be more suitable to increasing swimming performance in short distance events.
METHODS
Experimental Approach to the Problem
A randomized controlled trial, with balance randomization, parallel group was conducted at the competitive period of the spring training, ensuring that the subjects were in a prime training period cycle and was performed in an on-field setting. Twenty-one participants were randomly assigned into 2 experimental groups and 1 control group according to the random number table (n = 7 for each group).
Subjects
Twenty-one male prepubescent swimmers (2.1 6 0.4 Tanner stages by self-evaluation) were recruited by convenient sampling to take part in the study, as observed in Table 1 . Eligible participants were age-group swimmers of teams competing in the first national division (Portugal). Inclusion criteria required that swimmers had at least 2 years of experience in swimming competition. Participants were excluded if they had an injury or had regularly participated in any kind of strength training before this investigation. Swimmers were randomly assigned using computerized randomization and allocated into 3 groups (GR1, GR2, and CG) based on similar swimming performance (1:1:1). None of the groups was aware of the existence of other groups in the experiment.
Since the sample size comprises a low number of subjects, statistical analyses were performed to assess the sample's power. The results showed an effect size of 0.3, a = 0.05, and b = 0.7. All groups had 5.8 training sessions per week with an average of 4.075 6 0.2 km per training unit. The study was conducted in accordance with the ethics committee of the host institution and with the Declaration of Helsinki for research involving human participants. All parents gave their written informed consent and under-age subjects their assent.
Procedures
The experimental period for the present study was 10 weeks, divided into 2 periods: the dry-land S&C implementation period (6 weeks) and an adaptation period (4 weeks). Previous investigations using subjects with similar age were conducted through 8 weeks (9) . Additionally, and to fit in one available planning meso-cycle, the duration of 6 weeks (2 meso-cycles of 3 weeks each) of dry-land S&C training intervention was chosen.
Dry-land S&C training sessions (2 sessions per week of 30 minutes each, before in-water training) took part in addition to regular swimming training sessions. Table 2 presents a detailed description of the dry-land S&C training program. Sessions were conducted by 2 S&C coaches, always with the presence of the head coach. S&C training was planned and supervised by an NSCA Certified Strength and Conditioning Specialist. Preceding the dry-land S&C training exercises, a warm-up of approximately 10 minutes was completed in each session. The goal was to elevate body temperature and enhance motor unit excitability. Rope skipping and similar articular mobilization to S&C exercises were used (8) . The program consisted of 5 different exercises: medicine ball throw down; countermovement jump; dumbbell flys; Russian twist; and push-ups. For the medicine ball throw down, participants started in an upright position with the ball (1 kg) above the head, with upper limbs fully extended and threw it to the ground, as fast as they could. The countermovement jump was made to a higher surface (box) with 30 cm height. Dumbbell flys were performed with participants lying on the ground. The exercise started with upper limbs in a vertical position where dumbbells weighing 1.5 kg had to reach the minimum distance to the ground, without contact on it. Upper limbs were fully extended during the exercise. Russian twists were performed with a medicine ball that weighed 3 kg. Participants started in a seated position with arms fully extended in the front of their chest and with feet off the ground. The ball had to be displaced from the right hip to the left hip, with precision. Push-ups were performed with upper limbs in adduction, close to upper body during the duration of exercise. The body had to remain in plank during the exercise. Strength training followed 2 different dry-land S&C programs as shown in Table 2 .
Experimental GR1 performed exercises following a sets and repetitions methodology with no restrictions on the time of execution (Table 2) . A rest period between sets was incremented every 2 weeks of intervention (40 seconds, 60 seconds, and 1 m 30 seconds). This methodology is similar to previous studies (9) and is traditionally used in S&C training programs (8) . Instead, experimental GR2 followed an explosiveness methodology, where subjects had to perform as many repetitions as they could in a specific time (Table 2) . Swimmers were told to perform the repetitions as rapidly as possible. A rest period between sets was always calculated by the multiplication of the execution time by 4. This methodology was chosen to allow each participant to perform as many repetitions as possible. The time of each set tried to approach the time spent in short distances swimming. This way, and controlling fatigue, participants performed a similar number of actions as in swimming, attempting to be more specific for swimmers. In addition to technical follow-up, posters with images and execution criteria were printed and fixed in the gym. The quality of movement and fatigue were the 2 main aspects controlled by coaches. Finally, the CG followed the regular swimming training. During the 10 weeks of the experimental period, subjects performed 58 swimming training sessions (5.8 per week). The participants swam 236.4 km, the equivalent to a mean value of 23.64 6 2.4 km$wk and 4.08 6 0.21 km per training unit. A volume of 23.7 km was performed at an intensity equivalent to their critical velocity (2.37 6 0.85 km$wk) and 13.3 km at an intensity equivalent to their aerobic power (1.33 6 1.16 km$week). The remaining training program contained low aerobic (;70% of total volume), technical (;14%), and velocity (;1%) sets. Throughout the 4 weeks after the implementation of the S&C programs, sets focused on velocity increase to ;2%.
Assessment
Test procedures occurred at 3 different moments: (a) before the experimental procedure-pretest, (b) after 6 weeks of a strength training program-midtest, and (c) 4 weeks after the end of the strength training program-posttest. Test procedures took place at 3 different moments: at baseline; immediately after the end of the 6 weeks of the dry-land S&C program; and 4 weeks after the end of the dry-land S&C program. Tests were performed at the same time of the day to avoid any effect of circadian rhythms. The 2 experimental groups and the CG were evaluated at the same moment in the procedures schedule. The evaluations were conducted for 3 days for each moment. All subjects were informed of and familiarized with all test procedures 4 weeks before the first evaluation. A maximal intensity front crawl tethered swimming was conducted to measure force produced in water, as previously described (19) . After an 800 m moderate intensity warm-up (300 m swim, 50 m pull, 50 m kick, 4 3 50 m at increasing speed, 200 m easy swim) each participant performed the test. Before the starting signal, participants assumed a horizontal position with the cable fully extended. Data collection began after the first stroke cycle was completed. This procedure was used to avoid the inertial effect of the cable extension usually created immediately before or during the first arm action (18) . The duration of the exercise was 40 seconds with an initial phase of 10 seconds with moderate intensity and 30 seconds with maximum intensity. Participants were asked to use the breathing pattern they would normally apply during a 50 m front crawl event. They were also verbally encouraged throughout the test to maintain maximal effort. An acoustic signal marked the end of the test. Values of mean force as the mean of force values recorded during the 30 seconds, and mechanical impulse as the mean impulse determined as the quotient of the sum of the single-stroke impulse, and the number of strokes performed during the 30-second tethered swim were estimated.
Dry-land strength tests were performed after a standard warm-up of articular mobilization and rope skipping of approximately 10 minutes. Ball thrown distance (in meter) was measured through a maximal throwing velocity test using a 1 kg medicine ball with rough surface and circumference of 0.59 m (9) . Preceding the tests, each participant executed several throws for warm-up. Each participant executed 3 throws with 2 minutes rest between attempts. The subjects were seated with their back against the wall holding the ball with both hands, resting it against the chest. Participants were asked to throw the medicine ball for the maximum possible distance, as far and fast as possible. Three technical valid attempts were used to calculate the average for analysis (intraclass correlation coefficient (ICC) values were always higher than 0.97). Throwing distance was measured using a measuring tape.
Vertical jump height (in centimeter) was obtained with the use of countermovement jump (9) . For that purpose, a contact mat connected to an electronic power time (Ergojump, Globus, Italy) was used. Each subject started in the upright position with feet shoulder-width apart and squatted down until a 90 degrees angle of knees. Immediately after this moment, they jumped as high as possible, always with hands on the hips. Landing was made with both feet at the same time and with extended lower limbs. A 2-minute rest was accomplished between each of the 3 jumps. The average of 3 valid attempts was taken to analysis (ICC values were always higher than 0.95).
Swimming performance tests were executed after a standard warm-up (equal to the tethered swimming test) in a 25 m indoor swimming pool. A short distance time trial was chosen due to the influence of force application over these distances (18, 25) . All subjects completed 2 maximal tests of 50 m in front crawl to access their best time (in seconds) in each test (10, 11) (ICC values between 0.93 and 0.98). A 15 minutes active recovery period between the 2 trials was respected. The starts were performed in the starting block. Time was measured by 2 experienced researchers with a chronometer (SEIKO S120-4030, Japan).
Statistical Analyses
Variables were expressed as means and standard deviations. After normality and homoscedasticity assumption were checked (Shapiro-Wilk and Levene tests, respectively), parametric tests were conducted. One-way ANOVA was performed to analyze possible differences over the groups at baseline. Repeated measures (within-subjects ANOVA) analysis of the variables according to the groups was performed. After this, a repeated measures factorial analysis (2-way ANOVA: moments 3 groups) was conducted. ANOVA repeated measures were followed by Bonferroni tests. The level of statistical significance was set at p # 0.05. The effect size was computed based on the partial eta-squared (h 
RESULTS
A total of 21 participants (7 in GR1, 7 in GR2, and 7 in CG) were measured at baseline and postintervention. Outcomes were attained for all variables and there were no dropouts. At baseline, there were no significant differences between any of the analyzed variables (Table 1) , thus, presenting acceptable homogeneity between groups. Table 3 presents the results for the tethered swimming and dry-land tests, at the beginning of the experimental period (T1), after 6 weeks of the dry-land S&C program (T2) and after 4 weeks of an adaptation period to strength gains (T3) for the 3 groups. Both mean force and mechanical impulse did not present a time or group effect, nor a time 3 group interaction. For the dry-land tests, a time effect was observed between T1 and T2 for the GR1 and GR2 in the vertical jump (p , 0.01), and for the GR2 in the ball throwing (p , 0.01), with moderate to strong effect sizes. No group effect or time 3 group interaction was observed. Table 4 presents the front crawl swimming performance, at the beginning of the experimental period (T1), after 6 weeks of the dry-land S&C program (T2) and after 4 weeks of an adaptation period to strength gains (T3) for the 3 protocol groups. The 6 weeks of the dry-land S&C program did not improve swimming performance for any group. However, the 4-week adaptation period allowed GR2 to significantly improve swimming performance (p = 0.03), with a moderate effect size. With regard to the group effect within the 3 moments, no differences between groups were identified. The time 3 group analyses showed that for performance in the 50 m, differences were significant, with the GR2 presenting higher improvements than their counterparts (F = 4.156; p = 0.007; h 2 p = 0.316).
DISCUSSION
The aim of this investigation was to examine the effects of a 10-week training period of swim training alone, a 6-week dry-land S&C training program based on sets and repetitions according to current guidelines, plus 4 weeks of swim training alone or a 6-week dry-land S&C training program focused on explosiveness, plus 4 weeks of swim training alone, in age group swimmers. The main results showed that dry-land S&C training at these ages induces gains in dry-land measurements, but improvement in swimming performance only occurs after an adaptation period, thus confirming hypothesis 1. By allowing an adaptation period of 4 weeks, an improvement in swimming performance was noted for the group that engaged in the dry-land S&C program with a focus on explosiveness, thus confirming hypothesis 2.
Improvements in swimming performance have been associated with increases in power output (5, 24, 29, 32) , which are elucidated by higher force application in the water (2) . One of the available procedures to assess in-water propulsive forces and that can be used to evaluate force contribution for short-distance swimming performance is tethered swimming (19) . Therefore, it was expected that dry-land strength gains would lead to higher levels of in-water force exertion (23) . However, for these swimmers that did not occur. The increases in mean force and mechanical impulse were lower than the ones obtained with older swimmers (27) , who, with 6% increase, also were not able to enhance their swimming performance. Stroke kinematics and propulsive efficiency can be a decisive factor to explain this bias, thus, further studies controlling stroke efficiency are mandatory to clear the relationship between strength gains and the ability to exert force in the water. Moreover, competitive level (9) and age may have influenced the transferability of dry-land strength training gains to in-water force production. It could be interesting to explore whether a similar bias would occur with more experienced and higher level swimmers. Still, after the 4 weeks of adaptation, a tendency to increase mean force and mechanical impulse was noticed, in both experimental groups. In fact, of those 14 swimmers, only 3 did not increase their mechanical impulse, suggesting that this period led to a cascade of events linking dry-land strength to aquatic performance.
For dry-land strength assessments, both experimental groups obtained significant improvements in jumping height, whereas the control group did not. This is in accordance with previous results (9) , suggesting that a dry-land S&C program in age group swimmers could lead to higher levels of strength in the lower limbs. This may be of high importance for short distance events, as the swimming start is known to be a determinant factor for success (34) . Furthermore, swimmers were able to maintain their jumping height after the dry-land S&C program cessation, confirming that 4 weeks were not enough for losing strength gains (35) . For the upper limbs, only GR2 obtained significant improvements in the medicine ball throw. This group had a dryland S&C program focused on explosiveness, which may have led to higher specificity transferable for swimming, as adolescent male swimmers obtain higher swimming velocities due to the high force exertion with their arm stroke (20) . Even though literature about the detraining period in prepubescence is not extensive, it is suggested that strength and power training-induced gains tend to revert during detraining (7), mainly explained by neuromuscular forgetting (35) . Available literature claims that a multidimensional S&C training in young athletes is crucial in several domains (7, 8) . For instance, it can improve athletic performance and prevent sports related injuries. On the other hand, stronger young athletes will be able to succeed in the long-term demands of their sports careers (7) .
Previous investigations stated that the risk of losing strength gains is not present until 6 weeks after the cessation of a strength training program (35) . Furthermore, dry-land strength and power gains are maintained with a minimal stimulus contrarily to water strength and power gains, which require a more frequent and consistent stimulus, due to water-action specificity (35) . In our investigation, swimmers were tested not only at the end of the dry-land S&C program, but also 4 weeks afterwards. During this latter period, swimmers only performed their regular swimming training, aiming technical and propulsive adaptations to their new strength gains. Results showed that swimmers from GR2 had benefits from that period, improving swimming performance; before that, dry-land strength gains were not transferable to swimming performance, as stated by Garrido et al. (9) . These outputs may suggest that this group followed a dry-land S&C training methodology more specific to sprint swimming events. Additionally, a period of overload decrement (strength training cessation) may induce a positive delay transformation to enhanced specific performance (36) . Thus, swimming coaches should take into consideration both a suitable methodology for dry-land S&C prescription, and a proper time window to adapt swimmers to new force levels.
We believe that the main limitation of this study was the sample size. A sample size of 7 swimmers in each group does not assure an extensive generalizability, thus, further studies should engage more swimmers per group. Secondly, future investigations should try to extend experimental design during the season, attempting to evaluate longer term effects. This may provide clearer insights for training prescription.
Among several dry-land and in-water methodologies used by coaches and practitioners, dry-land S&C training programs are common in swimming, and positive results have been reported in previous investigations. To the best of our knowledge, this is the first investigation with age group swimmers that examined (a) 2 different approaches for dry-land S&C training and (b) an adaptation period to dryland strength gains, regarding swimming performance. Previous studies were conducted with older and more skilled swimmers than the ones who participated in this investigation. At these ages, swimmers do not have a specialization in a swimming technique, what may suggest that benefits of dry-land strength programs in swimming performance can be achieved at younger ages. Despite performing the same dry-land exercises, only GR2 obtained significant improvements in swimming performance. These results suggest that being able to perform the repetition rapidly had higher benefits for achieving higher swimming speed. It is known that swimming power is a critical factor to achieve swimming success (2, 21) , particularly in short distances (5, 18, 25, 29) . Nevertheless, several dry-land S&C training programs followed a 1RM, which is more related to maximum force than to power. This may constrain the specificity of the movement concerning the velocity and may jeopardize swimming performance enhancement (12) . In fact, not giving so much importance to the velocity of the movement could have been the factor that constrained swimming performance enhancement in GR1. Furthermore, in-water muscular tension (3) could have been more replicated in GR2 exercises. Actually, power depends on the quick and large activation of muscle fibers and its synchronization. Thus, neural adaption happened as far as swimmers got stronger and body weight did not alter significantly-a process suggested to improve work economy (13) . Additionally, it was shown that muscular recruitment was higher for maximal swimming speed than for low speed (22) . This should reinforce the properness of using explosiveness in training sessions and evaluations.
PRACTICAL APPLICATIONS
It is known that dry-land S&C programs are a common practice in swimming, independent of age or competitive level. First, dry-land S&C programs for age group swimmers with a small investment in materials and easy transportability are presented. Secondly, 6 weeks of complementary dry-land S&C training led to improvements in dry-land strength, which were beneficial for aquatic performance only after a 4-week adaptation period. That will lead to higher probabilities of being able to efficiently apply force in the water. Furthermore, it seems that additional benefits may occur if coaches plan the dry-land training focusing on explosiveness.
